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(54) Title: PROCESS FOR STABILIZING A SINGLE-AXLE WHEELED VEHICLE AN£TVEHICLE SO STABILI- 
ZED 

(54)Bezeichnung: VERFAHREN"ZUM STABILISIEREN EINES EINACHSIGEN RADFAHRZEUGS UND FAHR- 
ZEUG, DAS NACH DIESEM VERFAHREN STABILISIERT 1ST 



(57) Abstract 

A single-axle vehicle with one or two wheels arranged on the axle is 
characterized by high manoeuvrability. To stabilize the vehicle, a sensor 
produces a signal corresponding to the actual position, which controls in a 
closed control loop the direction and magnitude of the additional forces ex- 
erted on the vehicle in such a way that the resultant of all the forces acting 
on the centre of gravity of the vehicle always passes through the point of 
contact of the wheel or through the line joining the points of contact of the 
:vr wheels with the plane of motion. The additional forces can be applied 
by relative motion between the centre of gravity of the vehicle and the 
whee. axle. Stabilization of the tipping angle can also be effected by varying 
th? propulsive forces acting on the wheels. 

1 57) Zusammenf assung 




ids ffir^ ■ — 



10 



10 

E3 



2 I 



4 



Ein einachsiges Fahrzeug mit einem oder mit zwei auf der Achse an- 
grcrdneten Radera zeichnet sich durch eine hohe Manovrierfehigkeit aus. 
Zcr Stabilisierung eines solchen Fahrzeuges ist ein Sensor vorgesehen, der 
der Ist-Lage entsprechendes Signal erzeugt, das in einem geschlossenen 
^gelkrcis die Richtung und Gr6Be von auf das Fahrzeug ausgeubten Zu- 
iaukraften so regelt, daB die Resultierende aller am Fahrzeugschwerpunkt 
angreifenden Krafte immer durch den Aufstandspunkt des Rades bzw. durch die Verbindungslinie der Aufstandspunkte 
zwcier Rader auf der Bewegungsebene geht. Die ZusatzkrSfte Lassen sich durch Relativverschiebung zwischen Fahrzeug- 
schwerpunkt und Radachse aufbringen. Eine Stabilisierung der Nicklage laSt sich auch durch Verandern der auf die RSder 
wirkenden Antriebskrafte erreichen. 



06117 



PCT/EPJ 



Verfahren zum Stabi Lisieren eines einachsjoen 
Radf ahrzeugs und Fahrzeug, das nach diesem Verfa. 
stabi lisert ist 

Die vorliegende Erfindung betrifft ein Verfahren 
Stabilisieren eines einachsigen Fahrzeugs nach d 
Oberbegriff des Anspruchs 1 sowie Fahrzeuge, die 
diesem Verfahren stabilisiert sind. 

Fahrzeuge sind iibli cherwei se mit mindestens drei 
zwei Achsen angeordneten Radern ausgerustet die • 
stabile Standflache auf dern Boden bilden. Diese 
Fahrzeuge sind i m normalen Betrieb stabil zu fah' 
sie weisen jedoch eine schlechte Manovri erf ahigk, 
auf engem Raum auf und die Ge landegangi glee i t laB 
bedingt durch kteine Raddurchmesser und begrenzt 
Bodenfreiheit zwischen den Achsen Wunsche offen. 

Einen SonderfaLl bi Lden die sog. Zwei rad-Fahrzeu, 
bei denen zwei Achsen mit je einem Rad in 
Langsrichtung hintereinander angeordnet sind (Fal 
Motorrad4^ Solche Fahrzeuge sind nur durch Menscl 
die mit dem Fahrzeug einen Regelkreis bi lden sta* 
f ahren. 



Aus der Literatur sind eine Reihe von Verdffentl 
gen bekannt, die sich mit der Stabi li si erung des 
Chassis von Zwe i -Achs-Fah r zeugen bei der Fahrt ut 
kleinere Hindernisse befassen. - 

So ist es aus der DE-OS 23 51 841 bekannt mit den 
Chassis eines Fahrzeugs mit abgefedertem Vierrad- 
Fahrgestell eine schnell umlaufende Masse f-est zi 
verbinden, welche die Lage des Chassis bei der Fc 
uber Boden-Unebenheiten stabilisiert. 
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moment entsteht, wetchesdas Fahrzeug (1) urn die Quer- 
achse (y) nach hinten kippt und zwar solange bis die 
eingestetlte stationare Betriebslage wieder erreicht 
ist. Da die Elemente (12, 13, 14, 7) mit den ubrigen 
Fahrzeugkomponenten einen ge s ch Los senen Regelkreis 
bi Iden stellt sich die Betriebslage bezuglich der 
Querachse (y) schnell und stabil ein. 

3ei einer Kippung urn die Langsachse (x), d.h. bei 
einem sog. Rollen des Fahrzeugs (1) wird vom Sensor 
(12) ein Signal erzeugt, das uber den e i ns t e 1 1 ba r en 
Regler (15) und den nachgeordnet en Verstarker (16) den 
Stellmotor (9) bet at i gt Di eser bewegt Fahrzeug (2) 
und Lagerbock (5) relativ zueinander in Richtung (y) 
solange bis eine stabile Lage erreicht ist. Die 
Elemente (12, 15, 16, 9) bilden mit den ubrigen Fahr- 
zeugkomponenten einen gesch lossenen Regelkreis zur 
Stabi lisierung des Fahrzeugs (1) auf den eingestellten 
Rollwinkel. 

In den Fig. 1 und 2 sind die Elemente (13, 14, 15, 16) 
der Einfachheit auBerhalb des Fahrzeugs (1) darge- 
stellt. In Wirklichkeit sind diese Elemente im Fahr- 
zeug selbst untergebracht . 

Die Lenkung des Fahrzeugs (1) erfolgt durch eine 
kombinierte Steuerung von Radantrieb und Rollwinkel in 
einer hier nicht naher da rgeste 1 1 ten Weise. 

In Fig. 3 ist ein Fahrzeug (21) schematisch darge- 
stellt, das mit zwei Radern (22, 23),- die auf einer 
Achse (24) angeordnet sind auf der Bewegungsebene (3) 
aufsteht. Durch diese Rader ist das Fahrzeug (21) 
seine Langsachse (x) st ab i I i s i er t . Die beiden 
Hilfsrader (25) und (26) dienen zur Abstutzung des 
Fahrzeugs (21) in Ruhelage; sie stehen im normalen 
Fahrbetrieb nicht auf der Ebene (3) auf. 
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Das Fahrzeug (21) kann vorteilhaft als Fahrstuhl fur 
Behinderte ausgebi Idet sein. Ein solcher Fahrstuhl ist 
in der Lage kleinere Hindernisse, z.B. einen Bord.t-in 
zu uberwinden. Zudem ist seine Hanovri e rf ahi gke i t sehr 



hoch. 



«>ie Fig. 5a bis 5c zeigen die Verhaltnisse beim 
Anfahren sines Hi nderni sses, beispielsweise einer 
Bordschwelle (AO) durch das Fahrzeug der Fig. 3 und 4. 

Sobald die Rader(22, 23) die Schwelle (40) beruhren 
existieren, wie Fig. 5a zeigt, zwei Aufstandslinien 

36 und (41). Die in diesem Moment von, Kommandoaeber 
(33) vorgegebene Ant r i ebsk raft reicht nicht aus die 
Rider (22, 23) weiterhin in Drehung zu halten, so da* 
die Sensoren (29, 30) ein Signal an den Regler (31) 
9 eben. Der Regler (31) lost dann uber die Leistungs- 
verstarker (34, 35) und die Antr i ebswtoren (27, 28) 
em Drehmoment aus, welches das Fahrzeug (21) nlch 
-rne neigt, und zwar solange bis der Schwerpunkt (S) 
uber der Auf st ands I i ni e (41) U eg t (Fig. 5b ). 

In dieser Position wird zusatzlich zu den, vam-Komman- 
dogeber (33) gesteuerten Drehmoment an den Radern (22 
23) em Drehmoment (P. a ) ausgeiibt, wobei (P) das am 
Schwerpunkt (S) angreifende Gewicht des Fahrzeugs (21) 
und (a) der aus Fig. 5b ersichtlichte Abstand ist 
unter der Wirkung dieses Gesamt-Drehmoments hebt sich 
das Fahrzeug (21). au f die Stufe (40). Dabei wird die 
Ncgung des Fahrzeugs nach vorne laufend vermindert, 
d.h. das Fahrzeug richtet sich auf, bis es in der 
Position der Fig. 5c wieder seine, der Fig. 5a 
entsprechende stationare Lage erreicht hat. 

Das Fahrzeug (21) hebt sich also uber die Schwelle 
(AO), ohne daB die Bedi enungsperson spezielle MaRnah- 
men ergreifen muft. 
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1. Verfahren zum Stabi lisieren eines einachsigen 

Radfahrzeuges mit einem oder mit zwei auf dieser 
Achse angeordneten Radern in einer vorwahlbaren 
Betriebslage relativ zur Hor i zont a I ebene , bei dem 
ein der Ist-Lage ent sprechendes Signal erzeugt 
wird, dadurch gekennzei chnet, dafl dieses Signal in 
einem gesch lossenen Regelkreis die Richtung und 
Grofle von auf das Fahrzeug ausgeubten Zusatzkraf- 
ten so regelt, dafi die Resulti erende aller an. 
Fahrzeugschwerpunkt angreifenden Krafte immer 
durch den Auf standspunkt eines Rades bzw. durch 
die Verbindungslinie der Auf standspunkte zweier 
Rader auf der Sewegungsebene geht. 

2. Verfahren nach Anspruch 1 , dadurch gekennzei chnet, 
dafi die Zusatzkrafte durch Relativverschi ebung 
zwischen Fahrzeugschwerpunkt und Radachse 
aufgebracht werden. 

3. Verfahren nach Anspruch 1, dadurch gekennzei chnet, 
daR zur Stabi li si erung der Nicklage die Zusatz- 
krafte durch Verandern der Antr i ebskraf te aufge- 
bracht werden. 



A. 



Einradriges Fahrzeug, das nach dem Verfahren des 
Anspruchs 1 in einer vorwahlbaren Betriebslage 
relativ zur Horizonta lebene stabilisiert wird, 
dadurch gekennzei chnet , daB Motoren (7, 9) zur 
Erzeugung von in Langs- und Querrichtung (x, y) 
des Fahrzeugs CD wirksamen Zusatzkraf ten, Sen- 
soren (12) zur Erzeugung von dem Nick- und dem 
Rollwinkel des Fahrzeugs (1) entsprechenden Signa- 
len und eine Scha I t-Ano rdnung (13, 14, 15, 16) 
zur Umwandlung der Sensor-S i gna I e in StellgroBen 
zur Betatigung der Motoren (7, 9) einen geschlos- 
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richtung des Fahrzeugs verschiebbar. ist, und dafi 
die Motoren zur Verschiebung der Radauf hangung 
dienen. 

Einachsiges Fahrzeug nach Anspruch 7, dadurch 
gekennzei chnet , daft jedes der Rader (22, 23) mit 
einem auf der Achse sitzenden An t r i ebsmot or (27, 
28) versehen 1st, und da(3 die S ch a 1 1 - Ano rdnung 
(31) StellgroBen zur Stsuerung des Radantriebs 
erzeugt. 

Fahrzeug nach einem der Anspruche 2 bis 9, dadurch 
gekennzeichnet, daB Hilfsrader (10, 11, 25, 26) 
vorgesehen sind, die nur im nicht stabi Li si erten 
Zustand des Fahrzeugs (1, 21) auf der Bewegungs- 
ebene (3) aufliegen und damit ein Umkippen des 
Fahrzeugs verhindern. 
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Fig. 5a 




Fig. 5b 



Fig. 5c 
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A Method lor Stabilizing* a Single-Axl e Cvcle-tvpe Vehicle and a Vehicle which is Stabilized 
by this Method 



The present invention relates to a method for stabilizing a single-axle vehicle according to the 
generic pan of Claim 1 , as well as to vehicles which are stabilized by this method. 
Vehicles are usually equipped with at least three wheels, disposed on two axles, which form a 
stable base area on the ground. In normal operation, these vehicles are stable to drive, but they 
are difficult to maneuver in a tight space, and their adaptability to the terrain leaves something 
to be desired due to the small wheel diameter and the limited ground clearance of the axles. 

So-cal led bicycle-type vehicles arean exception. In these vehicles two axles, each with one wheel, 
are disposed one after the other in the longitudinal direction (bicycle, motorcycle). Such vehicles 
can be driven stably only by people who form a control loop with the vehicle. 

The literature contains a number of publications which relate to the stabilization of the chassis 
of two-axle vehicles when driving over small obstacles. 

Thus, from the DE-OS 24 5 1 841 it is known how to join a rapidly rotating weight rigidly to 
ilie chassis of a vehicle with a sprung four-wheel undercarriage, so as to stabilize Ihe position 
of the chassis when driving over irregularities in the ground. 

FmmtheEP-OS99971ftisknownhowtoatta<AasensorfOT 

"ttra four-wheel vehicle, and how to use the signals generated by the sensor to move the weight 
abouttheaxlebeingstabilized in thepaiticular direction thatisbeingsensed. Here, too, the position 
of the chassis is supposed to be stabilized when driving over irregularities in the ground. 

Wheelchairs capable of climbing stairs are also known from the literature. Thus, the AU-OS 
20473/83 describes such a wheelchair, which moves by means of crawlers, which are guided 
over several, vertically movable roll pairs. The wheelchair contains a sensor which causes the 
batteryto shift over to the elevated side when the wheeJchairis in an inclined position. This results 
in a stable position of the cento of gravity, thus preventing the wheelchair from tipping rearward. 

The US-PS 4 432 425 also describes a wheelchair capable of climbing stairs. This wheelchair 
has two pairs of wheels, one of which can move vertically. The axle of each pair of wheels drives 
a diaiu willi dements fastened to it, by means of wliiuh it pulls the whecldiaii ovet die slaijs, 
The wheelchair has a sensor which measures the angle of inclination. By means of a piston, the 
sensor signal activates a lever, which keeps the seating surfece of the wheelchair horizontal, regardless 
of the inclined position of thechassis. All these publications relate to the stabilization of multi-axle 
vehicles. 



The present invention now takes us starting point from the recognition that vehicles with only 
one u nee) or v.r.h two wheels disposed on one axle oiYe.: significant advantages as regards 
maneu verabi , terrain handling, and compact structure. It is the object of the invention ro stabilize 
such vehicles relative to the horizontal in a plane, in a preselectable operating position, so that 
they can be driven stably. 

This object is achieved by the method characterized by Claim 1. . 

According to this method, every tilting motion of the. vehicle is sensecL and trie additional forces* 
that need to be applied are controlled in such a way that they create a torque about the respective 
tilt axis, so as to cancel out the tilting motion exactly. All the sensor and compensation elements 
form a closed control loop, so that the operating position is stabilized, and this independently 
of ground irregularities or of displacements of the center of gravity. 

The operating position of the vehiclecan beadjusted by appropriately processing the sensor signals 
in the control loop. 

AccordingtothecharaaerislicofClaim 2,theadditiona! forces can beappliedbya relativedisplacement 
between the center of gravity of the vehicle and the wheel axle, for example by displacing the 
wheel suspension or the axle. 

According to Claim 3, an especially advantageous way cf applying the additional forces for stabilizing 
the pitch is to change the driving forces. The vehicle is then accelerated or decelerated, and the 
corresponding vector, together with the gravity vector, forms a resultant which passes through 
thecontactpointofa wheel orthroughtheconnectinglire of two wheels 
on the plane of motioa 

With thismodeofapphingtheadditional forces, thedrivemotorsofAev^clecoIkboratea<^ively; 
they are part of the control loop. Thus, for example, a single-axle vehicle will raise itself over 
an obstacle without any special precautions being required. 

Single-wheel vehicles which are stabilized by the inventive method are the subject of Claims 4 
to 6. Claims 7 to 8 relate to vehicles with two wheels mounted on oneaxle, the wheels stabilizing 
the vehicle about its longitudinal axis. Such vehicles have a very advantageous design for use 
as wheelchairs for handicapped people. 

The vehicles of Claims 4 to 9 would tilt without special precautions if the stabilization is turned 
off or fails. For this reason, according to Claim 10, it is necessary to provide auxiliary wheels. 
In the case of a single-wheel vehicl e, two auxiliary wheel pairs must be provided in the longitudinal 
direction before and behind the vehicle wheels; with a single-axle vehicle having two wheels, 
each of these wheels requires only one auxiliary wheel before and behind the axle. The auxiliary 
wheels can be designed so that they are pulled up as long as the stabilization is active and are 
quickly lowered automatically when this action stops. It is also possible to shift the vehicle axle 



c 



c 



appropriately in the vertical direction ami U\ attach the auxiliary wheels pen run-en I Sy. h'stead 
of the auxiliary wheels, supports can also be used 

In the control loop for die stabilization process, the sensor signals must be convened into control 
variables for the motors to apply the additional forces. Since this involves complex processes, 
it is advantageous to use microcomputer in the control loop. Furthermore, it is advantageous 
to implement the control on the basis of a state model that is continuously updaTed by the computer 
(control in the state space). 

The invention is explained in more detail below in terms of the embodiments of inventive vehicles 
shown in the drawings of Figures J to 5. 

Figure 1 shows the principle of a single-wheel vehicle from a side view. 
Figure 2 shows the embodiment of Figure 1 from a top view. 

Figure 3 shows the principle of a smgie-axle vehicle which is stabilized about a longitudinal 
axis by two wheels disposed on the axle, from a side view. 

Figure 4 shows the embodiment of Figure 3, from a top view 

Figures 5a 

to 5c showthecbcufflstaieesufceM 

In Figure 1, (1 ) schematically designates the vehicle which contacts the plane of motion (3) with 
only one wheel (2). Thespring and damping elements have been omitted for the sake of simplicity. 



Theaxle (4) of the wheel (2) is mounted in a bearing bicck (5) which also com prises a drive motor 
seated on the axle (4). Hie beating block (5) is mounted in the structural element (6) so as to 
be movable in the direction of the longitudinal axis (x). A hydraulic or electric servo-motor (?) 
actuates the longitudinal displacement The structural element (6) is rotatably mounted about 
an axle (8) and can be swung by means of a servo-motor (9) in the direction of the transverse 
axis (y). Other means for moving the bearing block (5) can also be present 

The vehicle (1) has two pans of auxiliary wheels (10^ 11), which in normal driving operation 
do not contact the plane (3). 

The sensor ( 1 2) is disposed inthe vehicle (1 )and it can be designed, for example, asagyro platform, 
an accelpromeier, a rotational velocity gyro, a line-of-sighr gyro, or a rotational accelercmeter. 
The sensor (12) measures the pitch angle, i.athe tilt angle about the transverse axis (y ) and it 
delivers an appropriatesignal to an electronic control (13). The latter forms a manipulated variable, 
whose magnitude depends cn the stationary operating posilicr. set by Ihe control (13), i.e. on ilie 
desired pitch angle and on the deviation from this setpoim as measured by the senior (1 2). This 



manipulated- variable signal is amplified in an amplifier (H) and activaies the scia o-mcicr (7). 
which moves the bearing block and thus the wheel axle H; in ihe longiindinal direction (x) 

For example, if the center of gravity (s) of the vehicle ( I ) moves forward in the direction (x) a 
torque results which causes the vehicle (I ) to tilt about die axis (y). This tilt and the associated 
rotational acceleration or rotational speed, trigger a signal in the sensor (11). This signal activates 
the servo-motor (7) via the control ( 1 3) and the amplifier (14). The latter moves the bearing 
block (5) forward in thedirection (x). and it does this until a torque appears which tilts the vehicle 
( l)rearward about the transverse axis (y), and in particular until the stationary operating position 
that has been set is reached once again. Since the elements (12, 1 3, 1 4 S 7) make a closed control 
loop with the main vehicle components, this operating position relative to the transverse axis (y) 
is established quickly and stably. 

When the vehicle tilts about its longitudinal axis (x), i.e. when a so-called rolling of the vehicle 
(1) occurs, the sensor (12) generates a signal which activates the servo-motor (9) via the control 
(15) and the series-connected amplifier (16). The servo-motor moves the vehicle (2) and the 
bearing block (5 ) relative to one another in the direction (y) until a stable position has been reached. 
The elements (12, 1 5, 1 6, 9), together with the other vehicle components, form a closed control 
loop for stabilizing the vehicle (1) at the set roll angle. 

In Figures 1 and 2, the elements (13, 14, 1 5, 1 6) are shown outside the vehicle (1 ) for the sake 
of simplicity. In reality, these elements are accommodated in the vehicle itself 

The vehicle (I) is steered by the combined control of the vehicle drive and the roll angle, in a 
manner that is not shown here in more detail. 

Figure 3 schematically shows a vehicle (2 1 ) with two wheels (22, 23) ? which are disposed on 
an axle (24) and which contact the plane of motion (3). These wheels stabilize the vehicle 2 1 
about its longitudinal axis (x). The two auxiliary wheels (25 and 26) are used to support the 
vehicle (21) in its rest position: in normal operation, they do not contact the plane (3). 

- The wheels (22, 23) are driven by electric motors (27, 28) which can be actuated separately. 
The wheel (21) is steered by appropriately activating these motors. The vehicle turning point 
can be placed e,g. at the left or right wheel or in the middle of the vehicle. 

Thesenson (29)and (30)aie connected to the wheels (22, 23), tomeasuretheirrespective rotational 
speed and to conduct the appropriate signals to the control (3 1 ) : which suitably is designed as 
a computer. 

A sensor (3 2) is connected to the vehicle (2 1 ) to measure the rotation angle about the transverse 
axis (y), the rotational acceleration, and/or the rotational speed, and to conduct the corresponding 
signal to the control (31). 



The£.ynilwl(33)desi«n^ whidihkewisecomlucis 
appropriate signals to the control (31) 

The control (3 1 ) controls the wheel drive motors (27 r 28) via the power amplifiers (34) and (35) 
in sucha way that the resulting vector aciingon the center of gravity (s) -this vector being composed 
of the acceleration due to gravity (g) and the acceleration or deceleration - always intersects the 
connecting line between the contact points (36) of the wheels (22, 23). The pitch position is thus 
stabilized. 

The elements (27, 28, 29, 30, 3 1, 32, 34, 35) form a closed control loop which achieves rapid 
stabilization of a vehicle (21) relative to its pitch position, i.e. the rotational position about the 
transverse axis (y). 

The veliicle (2 1 ) advantageously can also be- designed as a wheelchair for handicapped persons. 
Such a wheelchair is able to overcome small obstacles, e.g. a curb. In addition, it is extremely 
maneuverable. 

Figures 5a to 5c show the circumstances when the vehicle of Figures 3 and 4 approach an obstacle, 
for example a curb (40). 

As soon as the wheels (22, 23) contact the curb (40), two contact lines (36) and (41 ) exist, as 
shown in Figure 5a The propulsive force which at this moment is prescribed by the command 
transducer (33) is insufficient to continue to keep the wheels (22, 23) rotating, and so the sensors 
(29, 30) deliver a signal to the control (3 1 ). The control (3 1 ) then triggers a torque via the power 
amplifies (34, 35) and the drive motors (27, 28). Thistorque tilts the vehicle (21) forward, and 
specifically until the center of gravity (8) is situated above the contact 4me (41 ) (Figure 5b). 

In this position, the torque controlled by the command transducer (33) as weli as a torque (P a) 
is exerted on the wheels (22 ? 23). Here, (P) is the weight of the veliicle (2 1 ) acting on the center 
of gravity (s) and (a) is the distance as can be seen from Figure 5b. Under the action of this total 
torq ue, the vehicle (2 1 ) lifts onto the step (40). In this process, the vehicle is continuously prevented 
from tipping forward, i.e. the vehicle straightens out until, in the position of Figure 5c, it has again 
reached the stationary position corresponding to Figure 5a. 

The vehicle (21 ) thus lifts itself over the step (40) without the operator having to take any special 
action. 

From the previous discussion, it is clear that the inventive vehicle is also able to run up stairs, 
if the wheel diameter, the tires, and the wheel drive are appropriately designed. If the vehicle 
is designed as a wheelchair, the stair is approached backwards for this purpose. By a constant 
alternation of tipping rearward and coming erect again, the wheelchair then moves up the stairs, 
each step being handled as shown in Figures 5a to 5c. 



h is clear that ilw ^tn^Je- wheel vehid* of Kelson ! j C a:\ l;Iso he s'.aoiijzed ?.s ra^Ki* i(>. 
pilch by appropriately ncuvcui^Uitrdi K c nwior in (he rK«.vl-: : .uvordin" u* notion mediums:"!.? 
described above. x 

Jtmayalso bead vamageous ioftctiievesiatel ization of the pitch position by combining the measures 
described in connection with Figures K 2 and 3, 4. L*rgesr displacements or die center of gravity 
here can be suitably compensated by a longitudinal >h:ft of the wheel suspension. 

Instead of lifting tlie wheel suspension in the directions (xj and (y) as shown in Figures i and 
2, supplementary weights in the vehicle can also be moved in this direction in order to achieve 
stabilization. 

To enhance driving operation stil! further, sensors can be used to detect obstacles and ground 
irregularities, so as to initiate suitable control processes for overcoming or circumventing the 
obstacles or for stopping the vehicle. 



c 



Claims 

J . A method for stabilizing a single-axle c\ cle- •> pe % chicle with one **r w iih i wo wheels 
disposed on this axle, in a preseleciable operatic position relative to the horizontal plane, 
in which a signal corresponding to the current position is generated, wherein this signal, 
acting in a closed.control loop,, controls the direction and magnitude of supplementary 
forces exerted on the vehicle, in such a fashion that the resultant of all forces applied to 
the center of gravity of the vehicle always passes through the contact point of a wheel 
or through the connecting line between the contact points of two wheels on the plane of 
motion. 

2. Themediod of Claim 1, wherein ft^ 

between the center of gravity of the vehicle and the wheel axis. 

3. The method of Claim 1, wherein the supplementary forces are applied by changing the 
driving forces in order to stabilize the pitch position. 

4. Asingle-wheel vehicle, \v4iichisstabilized t accordingtodieniethodofClaunl,inapreselectable 
operating position relative to the horizontal plane, wherein the motors (7, 9) for creating 
supplementary forces acting in a longitudinal and transverse direction (x, y) of the vehicle 
( 1 ), the sensors ( 1 2) for generating signals corresponding to the pitch angle and roll angle 
of the vehicle (1), and a switching arrangement (13, 14, 15, 16) to convert the sensor 
signals into manipulated variables for activating the motors (7, 9) form a closed control 
loop. 

5. The single-wheel vehicle according to Claim 2, wherein the wheel suspension (5) can 
be moved longitudinally and transversely, and wherein the motors (7, 9) are used to move 
the wheel suspension. 

6. The single-wheel vehicle of Claim -2, wherein die wheel suspension (5) can be mov ed 
in the transverse direction (y), and a motor (5), seated on the wheel axle, is used to drive 
the vehicle (1), and wherein the switching arrangement (1 3, 14, 15, 16) generates manipulated 
variables for transversely moving the wheel suspension and for controlling the wheel drive. 

7. A single-axle vehicle with two wheels disposed on this axle, which stabilize the vehicle 
about its longitudinal axis, and which is stabilized about its fransverseaxk in a protectable 
operating position relative to thehorizontal planeaocordingto Claim 1 , wherein the motors 
(27, 28) for creating supplementary forces acting in the longitudinal direction of the vehicle 
(21Xthesensore(29,30,32)forgea^ 

. 1heangularpifxh\^0(^,andtJiep^ 
(3 1 ) for converting the sensor signals into manipulated variables for activating the motors 
(27, 28) form a closed control loop. 



The. sm:d£-ax!e \thicie of Claim 7, therein ihe wheel suspension can he moved in the 
longitudinal direction of the vehicle and wherein \he snoiors are used tp move the wheel 
suspension. 

* 

The single-axle vehicle of Claim 7, wherein each wheel (22, 23) has a drive motor (27, 
28) seated on the axle, and wherein the switching arrangement (31 ) generates manipulated 
variables for controlling the wheel drive. 

The vehicle of one of the claims 2 to 9, wherein this vehicle has auxiliary wheels (10, 
1 1 , 25. 26), which contact the plane of motion (3) only when the vehicle (1,21) is not 
in its stabilized state, and thus prevent the vehicle from tipping. 



